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TANDEM ORGANIC LIGHT EMITTING
DEVICE AND METHOD FOR ASSEMBLING
THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a tandem organic light
emitting device. More particularly, the present invention
relates to a tandem organic light emitting device using par-
ticular materials for electron injection layer, hole injection
layer and metal layer connecting the electron injection layer
and hole injection layer, to increase the number of the organic
light emitting element contained therein without increasing

the operation voltage by the theoretical fold value.

2. Description of Related Art

Organic light emitting diode (OLED) device or organic
clectroluminescent (EL) device usually comprises an anode,
a cathode and an organic light emitting diode unit between the
anode and cathode. The structure of organic light emitting
diode unit includes a hole 1injection layer, a hole transporting
layer, an organic light emitting layer, an electron transporting
layer, an electron injection layer etc. Having the features of
low driving voltage, high luminous intensity, wide viewing
angle, and full color display, OLED 1s considered to have a
chance to become the display device of the next generation.

Usually, an OLED 1s driven by current, and its current
ciliciency has positive correlation with the current density,
but 1ts light-emitting period has negative correlation with the
current density. Therefore, how to increase the luminous eifi-
ciency without increasing the current density to prevent the
decrease of the light-emitting period 1s an important 1ssue 1n
this field.

To 1increase the luminous efficiency and light-emitting
period of OLED, the technique of series connecting known
OLEDs to form tandem OLED has been developed and used.
By vertically stacking several independent OLED units, one
can increase the luminous efficiency by several folds under
the same current density from a single power supply, but the
operation voltage also has to be increased by the same folds
correspondingly, which limits the application of OLED 1n
display devices. Theretfore, developing a tandem organic light

emitting device 1s one of the key points for the commercial-
1zation of OLED.

SUMMARY OF THE INVENTION

In view of the disadvantages 1n the known art, the object of
the present invention 1s to provide a tandem organic light
emitting device, which increases the luminous efliciency
under the same current density, and reduces the required
operation voltage.

To achieve the above object, the tandem organic light emit-
ting device of the present invention comprises (a) an anode;
(b) a cathode; (¢) at least two organic light emitting diode
units between the anode and cathode, wherein the organic
light emitting diode comprises the following layers sequen-
tially: a hole injection layer, a hole transporting layer, an
organic light emitting layer, an electron transporting layer and
an electron 1njection layer; and (d) at least a connecting layer,
wherein each connecting layer 1s 1n between the organic light
emitting diode units. The material for hole injection layer and
clectron 1mjection layer contacting with connecting layer 1n
the organic light emitting device of the present invention is a
non-doping material having both hole transporting and elec-
tron transporting abilities
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2

The present invention also relates to a display system,
which comprises a tandem organic light emitting device men-
tioned above, and an mput umt to couple with the tandem
organic light emitting device, and control the tandem organic
light emitting device to display image by the input signal from
the input unit.

The present invention uses particular material for the hole
injection layer and electron injection layer contacting with
connecting layer to increase the number of the emitting ele-
ment contained therein without increasing the operation volt-
age by the theoretical fold value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. 1s a schematic diagram of the tandem organic light
emitting device of the present invention.

FIG. 2. shows the details structure of the tandem organic
light emitting device of the present invention.

FIG. 3. 1s a schematic diagram of a display system contain-
ing the tandem organic light emitting device of the present
ivention.

FIG. 4. 1s the trend plot of voltage and current density of
clement 1 in example 1, element 2 1n example 2, element 3 1n
control example 1.

FIG. 5. 1s the trend plot of voltage and current density of
clement 4 1n example 3, element 5 1n example 4, element 6 1n
control example 2.

FIG. 6. 1s the trend plot of current density and driving
voltage of organic light emitting device 1n example 5 and
control example 3.

FI1G. 7. 1s the trend plot of brightness and driving voltage of
organic light emitting device in example 5 and control
example 3.

FIG. 8. 1s the trend plot of current efficiency and current
density of organic light emitting device in example 5 and
control example 3.

DETAILED DESCRIPTION OF THE INVENTION

The tandem organic light emitting device of the present
invention 100 1s shown in FIG. 1, which comprises (a) an
anode 10; (b) a cathode 40; (c) at least two organic light
emitting diode unmits (1.e., 20.1, 20.2 . . . 20.(N-1), 20.N
between anode 10 and cathode 40); and (d) at least one con-
necting layer (1.e. 30.1, 30.2 . . . 30.(N-1)); wherein an
example of two emitting units 50 (including two emitting
units 20.1 and 20.2 connected by a connecting layer 30.1) are
shown i FIG. 2, which comprises the following layers
sequentially: a hole injection layer 21.1, a hole transporting,
layer 22.1, a organic light emitting layer 23.1, a electron
transporting layer 24.1, a electron injection layer 25.1, a
connecting layer 30.1, a hole ijection layer 21.2, a hole
transporting layer 22.2, a organic light emitting layer 23.2, a
clectron transporting layer 24.2, and a electron injection layer
25.2, wherein each connecting layer 30.1 1s 1n between emit-
ting units 20.1 and 20.2, and the material of hole 1injection
layer 21.2 and electron 1njection layer 25.1 contacting with
connecting layer 30.1 1s a non-doping material having both
clectron and hole transporting abailities.

In tandem organic light emitting devices, when using a
non-doping material having both electron and hole transport-
ing abilities as hole injection layer and electron 1njection
layer to contact with appropriate connecting layer matenal,
the energy diflerence between the lowest unoccupied
molecular orbital (LUMO) of hole injection layer and highest
occupied molecular orbital (HOMO) of electron 1njection
layer 1s relatively small, and the energy difference for an
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clectron to jump from electron 1njection layer to hole 1njec-
tion layer 1s reduced. When such efiect 1s retlected 1n a tan-
dem organic light emitting device, the increase of voltage
with the number of the emitting unit contained therein
according to the theoretical fold value 1s not necessary.

Therefore, 1t can be easily understood that the maternal of
hole 1injection layer and the electron injection layer contacting,
with connecting layer should have both electron transporting,
and hole transporting abilities.

The material of hole injection layer contacting with con-
necting layer can be an organic material, which can be a
p-type dopant. Common p-type dopant includes 2,3,5,6-tet-
rafluoro-7,7,8,8-tetracyanoquinodimethane (F,-TCNQ) and
derivatives thereot, fluorocarbon compounds (CFx), lithium
fluoride (LL1F), silicon dioxide (510,), Tetlon, 4,4',.4"-TRIS-
N-naphthyl-N-phenylamino-triphenylamine (TNATA), 4.4',
4"-tr1s(3-methylphenylphenylamino)triphenylamine
(m-TDATA) or metal chlorides such as iron chloride etc.

The material of electron 1njection layer contacting with
connecting layer can be an organic material, which can be a
n-type dopant. Common n-type dopant includes alkaline met-
als or compounds thereot, alkaline-earth metals, EEI-101 of
OLED-T company or compounds or the mixtures thereof etc.
In the tandem organic light emitting device of the present
invention, the preferred material for connecting layer 30.1 1s
aluminum or silver, more preferably aluminum. The thick-
ness of connecting layeris 1 to 200 A, preferably 10to 100 A,
more preferably 15 to 50 A.

Connecting layer 1s used to connect emitting units, and 1t
contacts with the hole 1njection layer and electron 1njection
layer of emitting unit. Conventional methods of forming lay-
ers 1n emitting unit 1s sputtering, but the high temperature
causes damage to other layers of the umt. Therefore, 1n a
preferred embodiment of the present mvention, evaporation
having lower reaction temperature 1s used to form the con-
necting layer. By using evaporation, the layers in the organic
light emitting device, especially when using non-doping
organic material as the election mjection layer and hole injec-
tion layer, 1s not easily damaged.

The tandem organic light emitting device of the present
invention uses particular material for connecting layer, hole
injection layer and electron injection layer contacting with
connecting layer to achieve the efficacy of reducing driving
voltage. Therefore, the material of other layers 1n organic
light emitting device, including hole transporting layer, elec-
tron transporting layer, organic light emitting layer, anode
and cathode 1s not limited. Any materials in the art suitable for
forming the above layers and combinations thereof can be
applied to the present mnvention.

For example, the material for anode can be indium tin oxide
(ITO); the matenal for cathode can be aluminum; the material
for hole transporting layer can be 4,4'-b1s| N-(1-naphthyl-N-
phenyl-amino)biphenyl (NPB), N,N'-diphenyl-N,N' bis(3-
methylphenyl-1,1'-biphenyl-4,4'-diamine (TPD), N,N'-bis
(1-naphthyl)-N,N'-bis(2-naphthyl)benzidine (TNB), 4.,4'.4'-
tris(N,N-diphenyl-amino jtriphenylamine (TDATA) and etc.

Usually, an organic light emitting layer contains a host
material and a fluorescence dopant emitter. Examples of com-
mon host materials are 2-(1,1-dimethylethyl)-9,10-bis(2-
naphthalenyl)anthracene (TBADN), 9,10-bi1s(2-naphthale-
nylanthracene (AND) and denvatives thereof, efc.
Fluorescence dopant emitter includes but not limit to
anthracene, tetracene, xanthene and the derivatives thereof
and eftc.

The material for electron transporting layer includes but
not lmmit to 1,3-bis[(p-tert-butyl)phenyl-1,3,4-oxadiazoyl]
benzene (OXD-7), aluminum tris(8-hydroxyquinoline)
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4
(Alg3), 4,7-diphenyl-1,10-phenanthroline (BPhen), 2,5-bis
(6'-(2',2"-bipyridyl)-1,1-dimethyl-3,4-diphenylsilole  (Py-
PySPyPy), 2.9-dimethyl-4,7-diphenyl-1,10-phenanthroline
(BCP), 10-benzo[h]quinolinol-beryllium (BeBg2), 2,2'-[1,
1'-biphenyl]4,4'-diylbis[4,6-(p-tolyl)-1,3,5-triazine (TRAZ)
and other materials of electron transporting layer 1n the art.

In the tandem organic light emitting device of the present
invention, the driving voltage under a same current density
(such as 20 mA/cm?) is smaller than N folds of the driving
voltage of a single emitting unit contained therein, where N 1s
the number of organic light emitting unit contained in the
device. For example, when the operation voltage of a single
organic light emitting unit 1s V, and a organic light emitting
device contains two emitting units, the operation voltage of
the device 1s small than 2V. This feature 1s not disclosed 1n the
known organic light emitting devices.

The method of reducing the operation voltage of tandem
organic light emitting device in the present invention uses
non-doping materials having both electron and hole trans-
porting abilities as the hole injection layer and electron injec-
tion layer contacting with the connecting layer, where the
units including the connecting layer and the material used
therein are the same as mentioned above. The method of the
present mvention increases the number of the emitting ele-
ment contained 1n the tandem organic light emitting device
without increasing the operation voltage by the theoretical
fold value.

The tandem organic light emitting device of the present
invention can be used in different kinds of image display
systems. As shown in FIG. 3, which 1s a schematic diagram of
an 1mage display system containing the tandem organic light
emitting device of the present invention. Generally speaking,
an 1mage display system 200 contains: a display panel 110,
which contains the tandem organic light emitting device 100
(as shown 1n FIG. 1) of the present invention; and an input unit
120, which couples and transmits signals to the display panel
110 to display image. The image display system 200 can be a
PDA, a cellular phone, a digital camera, a television, a GPS,
a car monitor, an aircraft monitor, a digital photo frame, a
laptop, a desktop computer or a portable DVD player.

The tandem organic light emitting device can also be used
in different kinds of illumination devices.

The advantages of the present invention are further
depicted with the illustration of examples, which however
should not be construed as a limitation on the scope of claim.

Example 1

Preparation of Organic Light Emitting Devices
Having Both Electron and Hole Transporting,
Abilities (Element 1)

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
formed on the glass substrate as anode, and 100 nm of
F,-TCNQ layer was formed on the I'TO layer as hole injection
layer, then 150 nm of aluminum layer was formed on the hole
injection layer as cathode.

Example 2

Preparation of Organic Light Emitting Device
Having Both Electron and Hole Transporting
Abilities (Element 2)

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
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tormed on the glass substrate as anode, and 100 nm of a-NPD
layer was formed on the I'TO layer as hole transporting layer,
50 nm of F-TCNQ layer was formed on the a-NPD layer as
clectron 1njection layer, then 150 nm of aluminum layer was
formed on the electron injection layer as cathode.

Control Example 1

Element 3

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
formed on the glass substrate as anode, and 100 nm of a-NPD
layer was formed on the I'TO layer as hole transporting layer,
then 150 nm of aluminum layer was formed on the hole
transporting layer as cathode.

The correlation of voltage and current density of element 1,
2 and 3 was measured and plotted in FI1G. 4. As shown 1n the
figure, device 1 and device 2 have current flowing under both
positive and negative voltage, so non-doping material
F,-TCNQ used to form hole injection layer has both electron
and hole injection abilities, while device 3 only uses conven-
tional material a-NPD for hole transporting layer, and no
current tlows under negative voltage.

Example 3

Preparation of Organic Light Emitting Device
Having Both Electron and Hole Transporting
Abilities (Element 4)

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of I'TO layer was
formed on the glass substrate as anode, and 100 nm of EEI-
101 made by OLED-T company was formed on the ITO layer
as hole injection layer, then 150 nm of aluminum layer was
formed on the hole 1njection layer as cathode.

Example 4

Preparation of Organic Light Emitting Device
Having Both Electron and Hole Transporting
Abilities (Element 35)

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
tformed on the glass substrate as anode, and 100 nm of Alg3
layer was formed on the ITO layer as electron transporting
layer, 1 nm of EEI-101 made by OLED-T company was
formed on the Alg3 layer as electron injection layer, then 150
nm of aluminum layer was formed on the electron 1njection

layer as cathode.

Control Example 2

Element 6

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
formed on the glass substrate as anode, and 100 nm of Alg3
layer was formed on the ITO layer as electron transporting
layer, then 150 nm of aluminum layer was formed on the
clectron transporting layer as cathode.

The correlation of voltage and current density of element 4,
5 and 6 was measured and plotted in FIG. 5. As shown 1n the
figure, device 4 and device 5 have current flowing under both
positive and negative voltage, so non-doping material EEI-
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6

101 used to form electron 1njection layer has both electron
and hole 1njection abilities, while device 6 only uses conven-
tional material Alg3 for electron transporting layer, and no
current flows under negative voltage.

Example 5

Preparation of Tandem Organic Light Emitting
Device

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of ITO layer was
formed on the glass substrate as anode, and 60 nm of
m-TDATA layer was formed on the I'TO layer as hole 1njec-
tion layer, 20 nm of a.-NPD was formed on the hole injection
layer as hole transporting layer, 40 nm of green host material
doping green dopant emitter was formed on the electron
injection layer as organic light emitting layer, 20 nm of
BeBg2 was formed above as electron transporting layer, 1 nm
of EEI-101 layer made by OLED-T company was formed as
clectron 1njection layer, 2 nm of aluminum was formed as
connecting layer, 20 nm of m-TDATA was formed as hole
injection layer, 75 nm of a-NPD was formed above as hole
transporting layer, 40 nm of green host material doping green
dopant emitter was formed as organic light emitting layer, 20
nm of BeBqg2 was formed as electron transporting layer, 1 nm
of LiF was formed as electron 1njection layer, then 150 nm of
aluminum was formed on electron injection layer as cathode
in the end.

Control Example 3

Preparation of Conventional Organic Light Emitting
Device

Organic layers and metal layers were formed on a glass
substrate sequentially by evaporation. 90 nm of I'TO layer was
formed on the glass substrate as anode, and 60 nm of
m-TDATA layer was formed on the I'TO layer as hole 1njec-
tion layer, 20 nm of a-NPD was formed on the hole imjection
layer as hole transporting layer, 40 nm of green host material
doping green dopant emitter was formed as organic light
emitting layer, 20 nm of BeBg2 was formed above as electron
transporting layer, 1 nm of EEI-101 made by OLED-T com-
pany was formed as electron injection layer, then 150 nm of
aluminum layer was formed as cathode.

Table 1 1s a comparison of working properties tested from
the organic light emitting device of the above examples and
control examples.

TABLE 1
Comparison of working properties of organic light emitting
device

Driving  Current Current

voltage  density  Brightness efliciency
Device (V) (mA/cm?)  (cd/m?) (cd/A) CIE (x,¥)
Example 5 7.84 20 9083 4541 (0.294, 0.626)
Control 5.52 20 4055 20.28 (0.293, 0.604)
example 3

The data in table 1 are driving voltage, brightness, current
elficiency and wave length measured from the organic light
emitting devices of example 5 and control example 3 under a
current density of 20 mA/cm”. When increasing the number
of organic light emitting unit, the change in the CIE of light
(the light in the present example and control example 1s
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green) 1s extremely small, and the difference of wavelength 1s
only 8 nm (528 nm for the present example, 520 nm for the
control example). As shown in FIG. 6, when the current
density is 20 mA/cm?, the driving voltage of the organic light
emitting device 1 example 5 1s 7.84V, which 1s higher than
that of control example 3, but not 2 folds, 1.e. the increase of
driving voltage with the number of the organic light emitting
diode according to the theoretical fold value 1s not necessary.

It1s known from FIG. 7 that under the same current density,
the brightness of the organic light emitting device of the
present invention (example 5) 1s higher than twice of that of
the control example without increasing the driving voltage by
the same fold accordingly. The results 1n FIG. 8 further shows
that the current elliciency of the organic light emitting device
of the present invention 1s higher than twice of that of the
control example 3.

In summary, the present invention uses particular materials
for the connecting layer, hole mjection layer and electron
injection layer contacting with connecting layer to increase
the number of the emitting element contained therein without
increasing the operation voltage by the theoretical fold value,
and the performance of brightness and current efficiency 1s
better than that of the simple addition of single units. The
present invention 1s contributive to the commercialization of
organic light emitting devices.

Other Examples

All technical features disclosed in this specification can be
combined with other processes, and every single technical
feature can be selectively substituted by features the same
with, equal to, or similar to the aimed features. Therefore,
cach technical feature disclosed 1n this specification 1s merely
an example equal to or similar to the aimed features.

The preferred embodiments of the present invention have
been disclosed above, but these embodiments are not used to
limit the present invention. Those skilled 1n the art can make
various changes and modifications without departing the
spirit and scope of the present invention.

What 1s claimed 1s:

1. A tandem organic light emitting device, consisting;:

(a) an anode;

(b) a cathode;

(c) at least two organic light emitting diode units placed
between said anode and said cathode, wherein said
organic light emitting diode unit contains the following
layers sequentially: a hole 1njection layer, a hole trans-
porting layer, an organic light emitting layer, an electron
transporting layer and an electron injection layer; and

(d) at least one connecting layer, wherein each connecting
layer 1s placed between said organic light emitting diode
units and contacts with said hole injection layer of one of
said organic light emitting diode units and said electron
injection layer of the other one of said organic light
emitting diode units directly;
wherein the material of said hole 1injection layer and said

clectron 1njection layer 1s a non-doping material hav-
ing both electron and hole transporting abilities; and
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cach of said connecting layer consists of aluminum or
silver.

2. The tandem organic light emitting device according to
claim 1, wherein the driving voltage of said tandem organic
light emitting device 1s smaller than N folds of that of said
organic light emitting diode unit, and N 1s the number of
organic light emitting diode unit contained therein.
3. The tandem organic light emitting device according to
claim 1, wherein said non-doping material has current flow-
ing when positive or negative voltage 1s applied.
4. The tandem organic light emitting device according to
claim 1, wherein the material of said hole 1njection layer 1s a
p-type dopant.
5. The tandem organic light emitting device according to
claim 4, wherein p-type dopant comprises 2,3,5,6-tet-
rafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ) and
derivatives thereof, lithium fluonide (LiF), silicon dioxide
(5102), Teflon, 4,4'.4"-TRIS-N-naphthy-N-phenylamino-
triphenylamine (TINATA), 4.,4'.4"-tris(3-methylphenylphe-
nylamino)triphenylamine (m-TDATA) or metal chlondes.
6. The tandem organic light emitting device according to
claiam 1, wherein said electron imjection layer 1s a n-type
dopant.
7. The tandem organic light emitting device according to
claim 6, wherein n-type dopant comprises alkaline metals or
compounds thereot, alkaline-earth metals, EEI-101 made by
OLED-T company or compounds or mixtures thereof.
8. The tandem organic light emitting device according to
claim 1, wherein the thickness of said connecting layeris 1 to
200 A.
9. The tandem organic light emitting device according to
claim 8, wherein the thickness of said connecting layer 1s 10
to 100 A.
10. The tandem organic light emitting device according to
claim 9, wherein the thickness of said connecting layer 1s 15
to 50 A.
11. The tandem organic light emitting device according to
claim 1, wherein said connecting layer 1s formed by evapo-
ration.
12. A image display system, comprising:
a tandem organic light emitting device according to claim
1; and

an 1nput unit, coupling with said tandem organic light
emitting device, and controlling the tandem organic
light emitting device to display image by the input signal
from the mnput unit.
13. The image display system according to claim 12, being
a PDA, a cellular phone, a digital camera, a television, a GPS,
a car monitor, a aircraft monitor, a digital photo frame, a
laptop, a desktop computer or a portable DVD player.
14. A illumination device, comprising:
a tandem organic light emitting device according to claim
1;: and

an input unit, coupling with said tandem organic light
emitting device and controlling the tandem organic light
emitting device to illuminate by the input signal from the
input unit.
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